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1. Introduction
In the RAN2#84 meeting, RAN2 made an agreement to simplify the reporting of RLC STATUS PDU for the DL (DownLink) bearer split [1]. The agreement is quoted as follows:
	Agreements
1
RLC STATUS PDUs are transmitted to corresponding eNBs via the corresponding Uu interface.
FFS whether UL data is transmitted to one eNB only or maybe split across eNBs.


The UL (UpLink) architecture for 3C [2] has not been decided yet, but should take the quoted agreement as a baseline. In this paper, three candidate UL architectures for 3C are compared with each other from the perspectives of both the UL performance gain/trade-off and the complexities of the UE and the network, in order to select a proper UL architecture for UP (User Plane) architecture 3C.    
2. Discussion 

2.1. Comparison on the UL options of UP architecture 3C

According to the above agreement and the proposed solutions in the RAN2#84 meeting, we could have the following 3 options for the UL while using UP architecture 3C (the diagrams illustrating the candidate architectures can be found in the Annex):

Option 1 (Figure 1): The UE supports both DL and UL bearer split.

Option 2 (Figure 2): DL DRB with bearer split and UL DRB without bearer split (one PDCP at the UE)
Option 2.1: UL data transmitted directly to MeNB

Option 2.2: UL data forwarded to MeNB by SeNB
Option 3 (Figure 3): DL DRB with bearer split and UL DRB without bearer split (two PDCPs at the UE)
Option 3.1: UL data transmitted directly to MeNB

Option 3.2: UL data transmitted directly to SeNB
Option 2 and Option 3 does not support UL bearer split. Different from Option 2, Option 3 could have two separate PDCPs at the UE. As both Option 2 and Option 3 allow the UE to transmit the UL data to either MeNB or SeNB or both, the architecture for both Option 2.1 and Option 3.1 could be the same if the UE only has UL data transmitted directly to the MeNB. A comparison table (which is based on the analysis below) for these options is given in Table 1.

Table 1: Comparison between UL options for 3C
	
	Option 1
	Option 2
	Option 3

	(1) Improvement on the UL per-user throughput
	(?
	(
	(

	(2) UE power consumption
	(
	(
	(

	(3) UL flow control enhancement on the NW and the UE 
	(
	(
	(

	(4) Buffer management enhancement on the UE for Buffer Size calculation
	(
	(
	(

	(5) Impacts on RLC STATUS PDU
	(
	(
	(

	(6) PBR and BSD coordination between MeNB and SeNB
	(
	(
	(

	(7) Other impacts on MAC and PHY (PHR, SR and PC) 
	(
	(
	(

	(8) Impacts of two PDCPs 
	(
	(
	(!


(1) Improvement on the UL per-user throughput 
According to the evaluation results from TR 36.842 [2], the DL per-user throughput can be improved by the flow control of the bearer split. One reason for the DL throughput improvement is that the MeNB can control the data flow to be more adaptive to the transmission status (such as the air-interface channel condition and the traffic volume) of both the MeNB and the SeNB. However the performance gain of the DL flow control comes from the timely feedbacks (e.g. 5ms flow control periodicity [3]) from the SeNB. To achieve the per-user throughput gain, the flow control mechanisms of UL bearer split [4] can be:
· Option 1 UE based UL flow control: The UL flow control relies solely on the UE implementation. The UE PDCP itself controls the UL data flow based the historical data transmission rate or the UL channel condition.  
· Option 2 Network based UL flow control: The network controls how much UL data should be sent to each eNB.
For Option 1, there could be IoT difficulties as one possible UE implementation for UL flow control would be that the UE always transmits the UL data to one eNB. This means that even if a UE is not supporting UL bearer split/flow control, the network would not be able to know it. For Option 2, our understanding is that only semi-static control from the network can be realized as the timely and frequent feedbacks over the air-interface which could have impacts on the DL per-user throughput cost lots of air-interface resources. If the UL flow control of Option 2 is fixed or semi-static, the per-user throughput gain is expected to be very limited according to the simulation results for the DL flow control [5]. 
(2)  UE power consumption
One trade-off for the UL bearer split would be the UE power consumption. One way to save the UE power would be to transmit the data to the eNB closest to the UE. With UL bearer split, the UE has to support UL data transmission to both the MeNB and the SeNB. According to [6], the power consumption of the UL bearer split is not very efficient in terms of “UE throughput CDF per Power Unit” and “Avg. UE throughput per Power Unit”.
(3) UL flow control enhancement on the NW and the UE
According to the analysis given above and in [4], the UL flow control should be realized by the network control. Then the NW and the UE should be enhanced to support such functionality. From the perspective of the NW, we should analyze or decide based on what information the NW can decide how much data should be transmitted to which eNB. From the perspective of the UE, the PDCP entity of UE has to divide the UL data from the same EPS bearer to two different eNBs based on the data allocation scheme from the NW.
(4) Buffer management enhancement on the UE for Buffer Size calculation 

According to the current specifications [7]

 REF _Ref376771155 \n \h 
[8]

 REF _Ref376771156 \n \h 
[9], the Buffer Size of BSR shall include all available data in PDCP and RLC. However there is only one PDCP entity for a split bearer.  Then the redundant calculation of buffer size will occur while the UE reports BSR to the corresponding eNBs [4]. As such the UE needs to manage the available data in one PDCP entity for two eNBs.   
(5) Impacts on RLC STATUS PDU
According to the agreement quoted above, the RLC STATUS PDU has to be sent to the corresponding eNB. The three candidate solutions of the UL architecture have no impacts on the RLC STATUS PDU.
(6) PBR and BSD coordination between MeNB and SeNB
Although all three options have impacts on the LCP, the LCP complexities of each option are different. For Option 1, the UE needs two sets of LCP configurations. Then the PBR (Prioritized Bit Rate) and the BSD (Bucket Size Duration) needs to be coordinated between the MeNB and the SeNB so as to avoid offending/breaking the QoS requirements for the EPS bearer [12]. For Option 2&3, the PBR and the BSD also need to be clarified as Option 2&3 need to send the RLC STATUS PDU to the corresponding eNB. For one EPS bearer of Option 2&3, the network can configure the PBR and BSD for the link used for data transmission based on the QoS requirement of the EPS bearer, and the link used for the RLC STATUS PDU can be configured with the value of “infinite” [10] for the PBR as the control signaling should always have a higher priority than the data [10]. Then there is no need for the PBR and BSD coordination between the MeNB and the SeNB for Option 2&3.
(7) Other impacts on MAC and PHY (PHR, SR and PC)

While having DL bearer split, the UL of the Option 2&3 also need to send RLC STATUS PDU to the corresponding eNB through the corresponding Uu interface [1]. For those mechanisms like PHR (Power Headroom Report), SR (Scheduling Request) and PC (Power Control) which does not distinguish the higher layer control signaling from the normal data, the impacts introduced by Option 1&2&3 are the same.
(8) Impacts of two PDCPs
The main difference between Option 2 and Option 3 is that Option 3 needs the UE to have a separate PDCP for the data transmission at the SeNB. Compared with the two PDCPs of UP architecture 1A, the benefits (such as less security impacts, reduced interruption time at SeNB change, SeNB mobility hidden to CN and so on) [2] of one PDCP in 3C would be lost. 
3. Conclusion
In this contribution, we analyze the UL bearer split from the perspectives of performance and functionality. Based on the above comparisons, the performance gain on the UL flow control seems not significant, compared with the tradeoffs. For Option 3, the main concern is the two separate PDCPs at the UE, which cause that the security benefits of 3C are lost. Thus we think that the UL bearer split should be not supported, and Option 2 should be adopted as the UL architecture for 3C.

Proposal: It is proposed that the UL architecture of 3C uses Option 2:

· UL DRB without bearer split (one PDCP at the UE)
· UL data can be transmitted either directly to the MeNB or forwarded to the MeNB by the SeNB
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Annex
The following diagrams are used to illustrate the candidate UL architectures for 3C, and based on the RLC AM mode.
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Figure 1: Option 1: The UE supports both DL and UL bearer split.
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Figure 2: Option 2: DL DRB with bearer split and UL DRB without bearer split (one PDCP at the UE)
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Figure 3: Option 3: DL DRB with bearer split and UL DRB without bearer split (two PDCPs at the UE)
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